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METHOD AND APPARATUS FOR INKJET PRINTING USING RADIATION 
5 CURABLE INK 

Background of the Invention 

1 . Field of the Invention 

10 

This invention relates to inkjet printing apparatus and methods for inkjet printing 
using ink that is curable upon exposure to actinic radiation such as UV radiation. More 
particularly, the present invention is directed to automated methods and apparatus for 
controlling the parameters used in inkjet printing. 

15 

2. Description of the Related Art 

Inkjet printing has increased in popularity in recent years due to its relatively high 
speed and excellent image resolution. Moreover, inkjet printing apparatus used in 

20 conjunction with a computer provides great flexibility in design and layout of the final 
image. The increased popularity of inkjet printing and the efficiencies in use have made 
inkjet printing an affordable alternative to previously, known methods of printing. 

In general, there are three types of inkjet printers in widespread use: the flat bed 
printer, the roll-to-roll printer and the drum printer. In a typical flat bed printer, the 

25 medium or substrate to receive the printed image rests on a horizontally extending flat 
table or bed. An inkjet print head is mounted on a movable carriage or other type of 
mechanism that enables the print head to be moved along two mutually perpendicular 
paths across the bed. The print head is connected to a computer that is programmed to 
energize certain nozzles of the print head as the print head traverses across the substrate, 

30 optionally using inks of different colors. The ink on the substrate is then cured as needed 
to provide the desired final image. 

In roll-to-roll inkjet printers, the substrate to receive the printed image is 
commonly provided in the form of an elongated web or sheet and advances from a supply 



roll to a take-up roll. At a location between the supply roll and the take-up roll, a print 
head is mounted on a carriage that is movable to shift the print head across the substrate in 
a direction perpendicular to the direction of advancement of the substrate. Known roll-to- 
roll inkjet printers include vertical printers, wherein the substrate moves in an upward 
5 direction past the print head, as well as horizontal printers, wherein the substrate moves in 
a horizontal direction past the print head. 

Drum inkjet printers typically include a cylindrical drum that is mounted for 
rotational movement about a horizontal axis. The substrate is placed over the periphery of 
the drum and an inkjet print head is operable to direct drops of ink toward the substrate on 
10 the drum. In some instances, the print head is stationary and extends along substantially 
the entire length of the drum in a horizontal direction. In other instances, the length of the 
print head is somewhat shorter than the length of the drum and is mounted on a carriage 
for movement in a horizontal direction across the substrate and parallel to the rotational 
axis of the drum. 

15 Inks that are commonly used in inkjet printers include water-based inks, solvent- 

based inks and radiation-curable inks. Water-based inks are used with porous substrates or 
substrates that have a special receptor coating to absorb the water. In general, water-based 
inks are not satisfactory when used for printing on non-coated, non-porous films. 

Solvent-based inks used in inkjet printers are suitable for printing on non-porous 

20 films and overcome the problem noted above relating to water-based inks. Unfortunately, 
many solvent-based inks contain about 90 percent organic solvents by weight. As solvent- 
based inks dry, the solvent evaporates and may present an environmental hazard. Although 
environmental systems may be available for reducing the emission of solvents to the 
atmosphere, such systems are generally considered expensive, especially for the owner of 

25 a small print shop. 

Furthermore, inkjet printers using either solvent-based inks or water- based inks 
must dry relatively large quantities of solvent or water before the process is considered 
complete and the resulting printed product can be conveniently handled. The step of 
drying the solvents or water by evaporation is relatively time-consuming and can be a rate 

30 limiting step for the entire printing process. 

In view of the problems noted above, radiation-curable inks have become widely 
considered in recent years as the ink of choice for printing on a wide variety of non- 
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coated, non-porous substrates. The use of radiation curing enables the ink to quickly cure 
(commonly considered as "instant" drying) without the need to drive off large quantities of 
water or solvent. As a result, radiation curable inks can be used in high speed inkjet 
printers that can achieve production speeds of over 1000 ft 2 /hi (93 m 2 /hr.) The most 
5 common radiation curable inkjet inks are formulated to cure when exposed to actinic 
radiation, which is radiation having a wavelength in the ultraviolet ("UV") or visible 
region of the spectrum. 

Inkjet printers that are capable of printing on relatively large substrates are 
considered expensive. Accordingly, it is desired to use the same printer to impart images 
10 to a wide variety of substrates using a wide variety of ink compositions if at all possible. 
Moreover, it is preferred that each image printed by such printers be of high quality on a 
consistent basis regardless of the type of substrate and the type of ink used, in view of the 
time and expense of reprinting the image in instances where the quality of the image is 
less than desired. 

15 The quality of the image printed by inkjet printers using radiation curable inks is 

dependent upon the intensity and dosage of the radiation. In general, a lower dosage of 
radiation provides better adhesion of the ink to subsequent coatings that are applied to the 
substrate. However, a higher dosage of radiation generally provides an image with better 
mar and solvent resistance in instance where the ink is not covered by a subsequent 

20 coating. 

The printer operator often has little assurance that the selected intensity and dosage 
of radiation will provide the best image quality for any particular combination of ink, 
substrate and radiation source. Many operators today use a UV meter periodically to 
check the intensity of emitted radiation. However, such a procedure is cumbersome and 

25 time-consuming. Moreover, if the source of radiation is unexpectedly diminished by, for 
example, a defect or aging of the bulb, the printing process may continue for some time 
until the operator notices that the quality of the images has been adversely affected. 

In view of the foregoing, there is a need in the art for new methods and apparatus 
of inkjet printing that would consistently enable high quality images to be printed without 

30 undue reliance upon the operator's degree of attentiveness. Preferably, such methods and 
apparatus would be automated and not require a significant amount of operator skill. 
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Summary of the Invention 

The present invention is directed toward automated methods and apparatus for 
controlling the amount of radiation received by radiation curable ink used in inkjet 
5 printing. A sensor such as a UV radiation sensor is connected to the controller of the 
printer and provides a signal in accordance with the amount of detected radiation. The 
controller, in turn, automatically modifies parameters used in the printing and/or curing 
process so that each image is of high quality even though the amount of the radiation may 
vary from time to time. 

10 In more detail, the present invention in one aspect is directed to an inkjet printing 

apparatus for radiation curable ink. The apparatus comprises a support for receiving a 
substrate and a print head for directing radiation curable ink toward a substrate received on 
the support. The apparatus also includes a source of radiation for providing radiation to 
ink received on the substrate, and a sensor for sensing the amount of radiation emitted by 

15 the source of radiation. The apparatus further includes a controller having an input for 
receiving a signal from the sensor and at least one characteristic of the ink, substrate or 
printing productivity parameters. The controller is connected to the source of radiation 
and varies the amount of radiation delivered by the source of radiation in accordance with 
the signal received from the sensor and the at least one characteristic of the ink, substrate 

20 or printing productivity parameters. 

Another aspect of the invention is directed toward a method of inkjet printing. The 
method comprises: 

selecting a radiation curable ink; 
selecting a substrate; 

25 entering at least one characteristic of the ink, substrate or printing productivity 

parameters into a controller; 

directing the ink onto the substrate; 

activating a source of radiation for providing radiation to ink received on the 
substrate; 

30 sensing the amount of radiation emitted by the source of radiation; and 
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varying the amount of radiation delivered by the source of radiation in accordance 
with the sensed amount of radiation and the at least one characteristic of the ink, substrate 
or printing productivity parameters. 



5 The present invention is also directed in another aspect to inkjet printing apparatus 

for radiation curable ink. In this aspect, the apparatus comprises a support for receiving a 
substrate and a print head for directing radiation curable ink toward the substrate received 
on the support. The apparatus further includes a source of radiation and a sensor for 
sensing the amount of radiation emitted by the source of radiation. The apparatus 
10 additionally includes means for directing the radiation along a first path toward the 
substrate in order to provide radiation to ink received on the substrate and also for 
directing radiation along a second path toward the sensor. The first path is different from 
the second path. 

The present invention is also directed in another aspect to a method of inkjet 
15 printing. The method comprises: 
providing a substrate; 

applying radiation curable ink to the substrate; 

directing radiation along a first path and toward ink received on the substrate; 

directing radiation along a second path and toward a radiation sensor; and 
20 varying the amount of radiation directed toward the ink in accordance with the 

amount of radiation detected by the sensor. 

Another aspect of the present invention is also directed toward inkjet printing 
apparatus for radiation curable ink. In this aspect, the apparatus comprises a support for 
receiving a substrate and a print head for directing radiation curable ink toward a substrate 
25 received on the support. The apparatus further includes a source of radiation and a drive 
mechanism for moving the source of radiation along a path across the substrate in order to 
direct radiation toward ink received on the substrate. The path also extends to a certain 
location laterally offset from the substrate. The apparatus additionally includes a sensor 
next to the certain location for sensing the amount of radiation emitted by the source of 
30 radiation when the source of radiation is in the certain location. 

An additional aspect of the present invention is also directed toward a method of 
inkjet printing. This method comprises: 
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providing a substrate; 

applying radiation curable ink to the substrate; 

moving a source of radiation across the substrate in order to provide radiation to 
ink received on the substrate; 
5 moving the source of radiation to a certain location that is laterally offset from the 

substrate; and 

sensing the amount of radiation emitted by the source of radiation when the source 
of radiation is in the certain location. 

10 These and other aspects of the invention are described in more detail below and are 

illustrated in the accompanying drawings. 

Brief Description of the Drawings 

15 Fig. 1 is a top, front and right side perspective view of a portion of an inkjet 

printing apparatus constructed according to the present invention; 

Fig. 2 is a reduced top plan view in partially schematic form showing a portion of 
the printing apparatus illustrated in Fig. 1; 

Fig. 3 is a view somewhat similar to Fig. 2 except that a radiation curing device of 
20 the printing apparatus has been moved to a position over a radiation sensor; and 

Fig. 4 is a right side elevational view in partially schematic form of a portion of the 
printing apparatus depicted in Figs. 1-3. 

Detailed Description of the Preferred Embodiments 

25 

An inkjet printing apparatus according to one embodiment of the present invention 
is illustrated in Figs. 1-4 and is broadly designated by the numeral 10. The apparatus 
includes a frame 12 that provides support for various components of the apparatus 10 as 
well as a housing (not shown) that surrounds the frame 12. A support 14 is connected to 
30 the frame 12 and extends in a generally horizontal plane for supporting a substrate to 
receive a printed image. 

The apparatus 10 includes an unwind roll 16 for receiving a roll of substrate during 
use of the apparatus 10 in roll-to-roll printing. The unwind roll 16 is rotatably coupled to 
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a lower portion of the frame 12. From the unwind roll 16, the substrate passes over a 
roller 18 and onto the support 14. From the support 14, the substrate advances over a 
roller 20 and onto a windup roll 22. 

A drive roller 24 is also connected to a lower portion of the frame 12 adjacent the 
5 windup roll 22 and frictionally engages the substrate as it advances onto the windup roll 
22. The drive roller 24 is connected to a motor (not shown) that, in turn, is electrically 
connected to a controller 26. When the controller 26 activates the motor to rotate the drive 
roller 24, the drive roller 24 advances the substrate along a path from the unwind roll 16, 
over the roller 18, across the support 14, over the roller 20 and onto the windup roll 22. 

10 A pair of horizontal, parallel rails 28 are connected to the frame 12 and extend in 

directions parallel to the plane of the support 14 as well as to the path of travel of the 
substrate as it moves across the support 14. A bridge 30 extends over both of the rails 28 
in a direction perpendicular to the longitudinal axis of the rails 28. A bridge drive 
mechanism 32 is operable to move the bridge 30 in either direction along the length of the 

15 rails 28. 

The bridge drive mechanism 32 may be any one of a number of suitable devices 
for moving the bridge 30 along the rails 28. In the illustrated embodiment, the bridge 
drive mechanism 32 comprises two drive units 34, each of which includes a linear drive 
motor that is electrically connected to the controller 26. The motor of each drive unit 34 

20 interacts with an elongated permanent magnet mounted on the associated rail 28 to move 
the bridge 30 upon activation of the motor. One of the rails 28 and drive units 34 includes 
an encoder (not shown) that is electrically connected to the controller 26, so that the 
position of the bridge 30 along the rails 28 can be determined at any time. 

A carriage 36 is mounted on the bridge 30 for movement in either direction along 

25 the longitudinal axis of the latter. As such, the carriage 36 is movable in a direction 
perpendicular to movement of the bridge 30 along the rails 28. A carriage drive 
mechanism 38 is electrically connected to the controller 26 for movement of the carriage 
36 along the bridge 30 when desired. 

The carriage drive mechanism 38, like the bridge drive mechanism 32, may be any 

30 one of a number of suitable types of drive mechanisms. For example, the carriage drive 
mechanism 38 may comprise a linear drive motor and elongated permanent magnet as 
described above. Preferably, an encoder (not shown) is associated with the carriage 36 
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and the bridge 30 and is electrically connected to the controller 26 for determining the 
location of the carriage 36 on the bridge 30 at any point in time. 

A print head 40 is mounted on the carriage 36 for directing UV radiation curable 
ink toward a substrate. Preferably, the print head 40 comprises a bank of print head units, 
5 each of which is coupled by tubing to a source of UV radiation curable ink (not shown). In 
addition, the print head 40 is electrically coupled to the controller 26 for selective 
activation when desired. Examples of UV curable inkjet inks that can be used in the 
apparatus 10 include compositions such as those described in US Patent Nos. 5,275,646 
and 5,981,1 13 and PCT application Nos. WO97/31071 and W099/29788. 

10 Preferably, the print head 40 is operable to simultaneously print ink of different 

colors. To this end, the print head 40 may include a first set of nozzles that are in fluid 
communication with a first source of ink of a certain color and a second set of nozzles that 
are in fluid communication with a second source of ink of a different color. Preferably, 
the print head has at least four sets of nozzles that are in communication with at least four 

15 corresponding ink sources. As a result, the print head 40 is operable to simultaneously 

print at least four inks of different colors so that a wide color spectrum in the final printed 
image can be achieved. 

Optionally, the print head 40 includes one or more additional sets of nozzles that 
are in communication with a source of clear ink or other material that lacks color. The 

20 clear ink can be printed on the substrate before any colored ink is applied, or can be 
applied to the printed image. Printing clear ink over the entire image can be used to 
improve performance of the finished product, such as by improving durability, gloss 
control, resistance to graffiti and the like. 

A source of radiation 42 is also connected to the carriage 36 for directing actinic 

25 radiation toward ink that is received on the substrate. The source of radiation may include 
one or more radiation emitting devices, each of which is operable to emit light in the 
ultraviolet and/or visible spectrum. In the illustrated embodiment, the source of radiation 
42 includes two radiation devices 44 that are mounted on opposite sides of the print head 
40. 

30 The radiation devices 44 may be any one or more of a number of devices suitable 

to emit actinic radiation. Suitable sources of UV radiation include mercury lamps, xenon 
lamps, metal halide lamps, excimer lamps, carbon arc lamps, tungsten filament lamps, 
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lasers, LEDs and the like. The sources may provide a continuous or a pulsed emission. 
Examples of mercury lamps include arc and microwave driven lamps. Mercury arc lamps 
may be low, medium or high pressure. Both of the radiation devices 44 are connected to 
the controller 26 for activation and deactivation when desired. 
5 The apparatus 10 also includes a sensor 46 for sensing the amount of radiation 

emitted by the source of radiation 42. As shown in Fig. 2, the sensor 46 is mounted on a 
stationary horizontal plate. The sensor 46 is in a location that is laterally offset from the 
support 14 and the substrate when received on the support 14 (i.e., the sensor 46 is located 
to one side of the support 14 and the substrate received on the support 14 in directions 

10 parallel to the plane of the support 14). Additionally, the sensor 46 is preferably mounted 
at a height that is approximately equal to the height of the support 14 or immediately 
beneath the same as shown in Fig. 4. 

The sensor 46 is electrically connected to the controller 26. When the source of 
radiation 42 is located in a position directly over the sensor 46 and the source of radiation 

15 42 is activated, the sensor 46 detects the amount of radiation received over the sensor area 
and sends a signal to the controller 26 in accordance with the sensed amount. 

In the illustrated embodiment, the carriage 46 is operable to move each of the 
radiation devices 44 in sequence along a path that passes over ink received on the substrate 
as well as over the sensor 46. As an alternative, however, two sensors, each identical to 

20 sensor 46, may be positioned in side-by-side arrangement adjacent the support 14, so that 
the amount of radiation from each device 44 may be detected simultaneously. 

For purposes of illustration, a web-type substrate is shown in Fig. 3 in dashed lines 
and is designated by the numeral 48. During operation of the apparatus 10 in roll-to-roll 
printing, the controller 26 operates the drive roll 24 in order to move the substrate 48 along 

25 a path of travel over the support 14 in a direction as indicated by the arrow in Fig. 3. The 
substrate 48 is advanced in small incremental steps, and in the interval between 
advancement of the substrate 48 the carriage 36 moves along the bridge 30. As the 
carriage 36 moves, the controller 26 activates the print head 40 in accordance with a 
preprogrammed sequence of operations in order to direct ink of various colors as desired 

30 toward the substrate 48. The controller 26 also activates the source of radiation 42 as 
desired in order to cure ink that has been applied to the substrate 48. 
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In roll-to-roll printing, the bridge 30 need not be moved along the rails 28 and the 
bridge drive mechanism 32 need not be activated. Instead, the carriage 36 moves only 
along a single reference axis that is perpendicular to the arrow shown in Fig. 3. Once the 
carriage 36 has traversed the substrate 48, the controller 26 activates the motor connected 
5 to the drive roller 24 in order to advance the substrate 48 another incremental step, and the 
carriage 36 again moves across the substrate 48 to continue the printing process. 

Preferably, the carriage 36 is moved to a location over the sensor 46 after each 
return pass of the carriage 36 across the substrate 48 so that the controller 26 can receive a 
signal from the sensor 46 on a frequent basis. For example, if the carriage 36 moves in a 

10 direction to the right viewing Fig. 3 across the substrate 48 for one pass of printing, and 

the substrate 48 is then incrementally advanced, and the carriage 36 then returns to the left 
for a second pass of printing and to the position shown in Fig. 3, the source of radiation 42 
will be adjacent the sensor 46 after each second pass of printing. As another option, the 
carriage 36 may return to the position shown in Fig. 3 after each pass and during 

15 advancement of the substrate 48. As yet an additional option, an additional sensor, similar 
to the sensor 46, may be located on the right side of the support 48 viewing Fig. 3 so that 
the controller 26 can determine the amount of radiation emitted by the radiation source 42 
after each pass in each direction. 

Advantageously, the apparatus 10 of the illustrated embodiment is also operable in 

20 flat-bed printing mode for printing flat discrete sheets of substrate that are not wound on a 
roll. For example, a rectangular substrate, having dimensions somewhat smaller than the 
support 14, is placed on the support 14 and held stationary during the printing process. To 
this end, the support 14 is provided with an array of ports that are connected to a source of 
negative air pressure. As negative air pressure is applied to the ports, the substrate is held 

25 in a stationary position on the support 14. 

During operation of the apparatus 10 in flat bed printing, both of the drive 
mechanisms 32, 38 are activated as needed in order to enable the carriage 36 to pass over 
all portions of the substrate to receive ink. For example, the controller 26 may initially 
activate the bridge drive mechanism 32 to move the bridge 30 to its lowest vertical 

30 position with reference to Figs. 2 and 3, and then deactivate the mechanism 32 while 
activating the carriage drive mechanism 38. As the mechanism 38 is activated, the 
carriage 36 moves the print head 40 as well as the source of radiation 42 across the 
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substrate in a horizontal direction viewing Figs. 2 and 3 until the entire width of the 
substrate is traversed. Next, the controller 26 idles the mechanism 38 and activates the 
bridge drive mechanism 32 in order to move the bridge 30 an incremental step in an 
upwardly direction viewing Figs. 2 and 3. The controller 26 then deactivates the bridge 
5 drive mechanism 32 and reactivates the carriage drive mechanism 38 for printing the next 
row. The method is then repeated until the entire image is printed on the substrate. 

In use of the apparatus 10 for flat bed printing, the controller 26 activates the 
mechanisms 32, 38 as appropriate to move the source of radiation 42 to a location over the 
sensor 46 as frequently as desired. For example, the controller 26 may be programmed to 

10 move the carriage 36 to the "home" position shown in Fig. 3 before any ink is applied to 
the substrate. Subsequently, the controller 26 may return the carriage 36 to the home 
position a number of times during the printing process, or alternatively return the carriage 
36 to the home position only after the entire image as been printed on the substrate. 

As an additional option, the sensor 46 may be mounted on a support connected to 

15 the bridge 30, instead of the plate as shown in Fig. 1. By connecting the sensor 46 to the 
bridge 30, the sensor 46 moves with the bridge during operation of the apparatus 10 in flat 
bed printing. Preferably, when this option is elected, the controller 26 sends the carriage 
36 over the sensor 46 after the carriage 36 reaches the end of each row of ink dots. 
As a further option, optical fibers may be placed in the path of radiation for 

20 directing radiation to the sensor 46. For example, the optical fibers may be placed in a 

hole of a reflector for the lamps, and the sensor 46 may be located on the outer housing of 
the carriage 36. 

The controller 26 has an input for receiving at least one characteristic of the group 
consisting of the ink, substrate 48 and operator-specified printing productivity parameters. 

25 Preferably, the input receives one or more characteristics of the substrate 48 and one or 
more characteristics of the ink that is supplied to the print head 40. For example, the 
controller 26 may include a user interface input device such as a keyboard and/or mouse 
for manually inputting pre-selected characteristics as desired. As another option, the 
controller 26 may include a barcode reading device that receives bar-coded information 

30 recorded on the substrate or a label or tag associated with the substrate, as well as a label 
or tag associated with a container for the ink. 
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Examples of ink characteristics include parameters relating to the viscosity, the 
composition, surface tension or the color of the ink, or related to the wavelength range of 
radiation wherein the ink exhibits greatest sensitivity. Examples of substrate 
characteristics include the composition, surface characteristics and thickness. In practice, 
5 the memory associated with the controller 26 retains a look-up table, so that the optimum 
amount of radiation can be determined for a given combination of ink, substrate and 
selected printing productivity parameters. 

Examples of printing productivity parameters include the speed of travel of the 
carriage 36, the advancement of the substrate during roll-to-roll printing, the firing 

10 frequency of the print head nozzles and the number of nozzles used per color. Other 

examples of printing productivity parameters include the resolution (e.g., dots per inch) of 
the printed image in either or both of a cross-web direction and a down-web direction. 
Preferably, the controller 26 is operable to vary one or more of such printing productivity 
parameters in accordance with the input received from the operator and with the signal 

15 received from the sensor 46. 

Preferably, the controller 26 is operable to vary the amount of radiation delivered 
to ink on the substrate 48 from the source of radiation 42 in accordance with the 
characteristics of the substrate 48 and ink and the signal received from the sensor 46. For 
example, the controller 26 may function to change the intensity of radiation emitted by the 

20 source of radiation 42 and/or the dosage of radiation reaching the ink or coating. 

Preferably, the controller 26 is also operatively connected to a user interface output device 
such as a visual display or monitor so that the operator can be kept informed of the 
radiation intensity and dosage. 

The controller 26 may vary the intensity of radiation by any one or more of a 

25 number of options. For example, the voltage directed to lamps of the radiation devices 44 
may be changed. As another example, the radiation devices 44 may be moved by 
automated drive mechanisms toward or away from the support 14 in order to change the 
focal lengths of lamps of the radiation devices 44. 

Another option for varying the intensity of UV radiation reaching the ink and 

30 substrate can be carried out by placing or removing one or more filters or lens elements 
between the lamp and the substrate 48. For example, a movable cartridge, having one or 
more quartz or heat resistant glass filters (made, for example, of Pyrex brand glass), may 
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be moved into or out of the path of radiation by rotation of the cartridge or by sliding the 
cartridge along a reference axis. Examples of other suitable filters are described in 
applicant's pending U.S. patent application, serial no. 10/21 1,027 entitled "Methods of 
Making Weatherable Films and Articles". The intensity of radiation may also be altered 
5 by changing the position, size and/or shape of a reflector associated with the devices 44. 
Other options include selectively using diffusers that comprise metal oxide or coated 
mirrors. 

The dosage of U V radiation reaching the ink and substrate 48 can be changed by 
varying the intensity as described above, or by other means as desired. For example, the 

10 relative velocity at which the radiation devices 44 pass over the ink and substrate 48 may 
be changed. Another option is to increase or decrease the number of powered radiation 
devices or to vary the interval during which lamps of radiation devices are pulsed on or 
off. As additional examples, a shutter or filter may be placed in the path of the emitted 
radiation. As another alternative, a shutter or filter may be intermittently moved into and 

15 out of the path of radiation. As yet another example, the shape and/or size of a reflector 
for the radiation devices 44 may be changed. 

Preferably, if the amount of radiation detected by the sensor 46 is beneath a certain 
minimum value, the controller 26 activates an alarm or other signal to the operator to 
indicate that the radiation devices 44 need attention. Such a feature is especially 

20 advantageous when using radiation sources such as lamps that decrease in intensity after 
an extended period of use and need to be replaced for optimal efficiency of the apparatus 
10. 

Preferably, the controller 26 includes computer software that is associated with 
memory corresponding to a lookup table. The lookup table has information regarding 

25 desired intensity and dosage levels, or acceptable ranges of intensity and dosage levels, for 
a given combination of ink and substrate. Optionally, the computer software prompts the 
user to identify any subsequent coatings such as clearcoats. The target intensity and 
dosage levels are then selected or adjusted by the software in accordance with the 
formulation of the subsequent coating. 

30 As can be appreciated, the drive mechanisms 32, 38 provide a means for directing 

radiation along a first path toward the substrate 48 in order to direct radiation toward ink 
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received on the substrate. The drive mechanisms 32, 38 also comprise a means for 
directing radiation along a second path toward the sensor 46. 

The first path of the radiation is different from the second path of the radiation. In 
the illustrated embodiments, the first path is parallel to but offset from the second path. 

5 However, other options are also possible. For example, the second path may extend at an 
angle relative to the first path by pivoting the carriage 36 about a reference axis that is 
perpendicular to the plane of the support 14. As another example, a mirror may be moved 
adjacent to the radiation devices 44 at certain intervals of time in order to direct the 
radiation away from the substrate 48 and toward a radiation sensor. 

10 The apparatus 10 as described above may be constructed by modifying any one of 

a number of commercially available printers. For example, the "2500 UV" printer for 
Scotch Print Graphics, from 3M Company, may be used upon modification according to 
the principles described above. The invention may also be used in a variety of known 
drum inkjet printers. 

1 5 A number of other alternatives are also possible. Accordingly, the present 

invention should not be deemed limited to the specific examples that are set out above for 
purposes of illustration, but instead only by a fair scope of the claims which follow along 
with their equivalents. 
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